Exchange kinetics of protein-functionalized micelles and liposomes studied by Förster resonance energy transfer.
Protein-functionalized micelles and liposomes are attractive delivery systems for applications ranging from targeted drug delivery to molecular imaging. In particular, systems that use pegylated phospholipids have become popular, but little is known about the stability of these lipid-functionalized proteins toward exchange. In this study, Förster resonance energy transfer (FRET) between the fluorescent proteins ECFP and EYFP was used to investigate the lipid exchange behavior of protein-functionalized liposomes and micelles. Native chemical ligation was used as an efficient method to site-specifically couple varying amounts of proteins to pegylated phospholipids. No exchange was observed between protein-functionalized phospholipids in sterically stabilized liposomes. In micelles, however, protein-functionalized lipids were found to exchange with a half-time of exchange ranging from almost 2 h at room temperature to 4 min at 37 degrees C. These pegylated micelles remained intact at lipid concentrations down to 0.15 microM, indicating that they are even more stable than previously assumed. The results obtained in this study provide a useful frame of reference for assessing the potential role of protein exchange in biomedical applications of these lipid-based nanoparticles.